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Mathematical Simulation of Lubrication Conditions in Rotary Vane Compressors 
A. Picksak and H. Kruse 
University Hannover West Germany 
A B S T R A C T 
Due to the centrifugal forces, rotary vane compres-sors show at high speeds vane tip friction leading to low mechanical efficiencies /1,2/. Theoretic a 1 mode 1 s which are based on the hydro dy n a-mic lubrication theory to determine this friction loss between the vane tip and the cylinder have been earlier developed and presented /3/. A new model has been developed and a computer program written for different types of vane tips and different shapes of the cylinder. Calculations demonstrate that it is possible to decrease the vane tip friction by appro-ximately 10 % by optimizing the vane tip curvature with a given cylinder shape. An observed chattering phenomenon of the vane at low speed operation can be predicted by calculation and avoided by selection of certain shapes of the vane tip. 
- 1986 International Compressor Engineering Conference at Purdue 
I N T R 0 D U C T I 0 N 
In recent years, the application of double-flow rota-ry vane compressor in automotive air-conditioning systems has been increased because of its multiple cy-linder characteristic. A certain problem is its high friction loss at higher speeds. The greatest amount of the friction is caused by the lubrication systems bet-ween the vane tip and the cylinder wall and between vane 
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side face and rotor groove. For improving the compressor 
performance a minimizing of this friction is an impor-
tant step. 
Some work has been done in the past that included one 
or both of the above-mentioned losses /3 - 7/. 
In this paper, the model to determine the friction 
loss between vane tip and cylinder wall bases on hydro-
dynamic lubrication theory. For the calculation of the 
lubrication conditions an exact knowlegde of the geome-
try of the clearance between both sliding parts is 
necessary. The description of the geometry of the clear-
ance is complicated because the following sizes change 
during the rotation : 
- the length of the vane outside the rotor 
- the inclining angle between vane and cylinder wall 
-the curvature of the cylinder wall 
-the location of the minimum oil film thickness be-
tween vane tip and cylinder wall across the vane 
thickness. 
In the following, a new model to determine friction los-
ses is presented. 
CALCULATION OF LUBRICATION CONDITIONS 
For the mathematical simulation of the lubrication 
conditions between vane tip and cylinder wall, the fol-
lowing modified Reynolds' equation was used 
( 1) 
Equation 1 describes the instationary case including 
variable velocities between the two surfaces, the 
squeeze effect and the influence of the acceleration 
forces /8/. This equation can be solved using by finite 
difference equations. 
For the frictional forces between vane side face and 
rotor groove Coulomb's law was applied because of the 
low friction power as compared to the vane tip friction 
power 1 oss. 
S L I D I N G GEOMETRY 
The calculation of the lubrication pressure profile 
postulates a mathematical description of the geometry of 
the clearance. All numerical calculations concerning the 
lubrication gap are carried out in the complex plane by 
vector loops /9/. The cylinder shape contour of this 
double flow rotary vane compressor is given as a hyper-
trochoid of second order. 
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with L,R,D design data 
~~ * : angle of the hypertrochoid 
z(~ ) : vector of the cylinder wall 
( 2) 
For the determination of the oil film height between vane tip and cylinder wall, the normal vector is an important variable. 
( 3) 
with n(lj)*) : normal vector to Z(lj)*) 
* A d; vi s ; on by the am o u n t of n (lj) ) res u 1 t s i n the norm a 1 unit vee tor. 
lm 
z(~) 
L.- Fi'-D Reo 
Fig. 1 Hypertrochoid in the complex plane 
Coordinates of the Vane Tip 
The shape of the vane tip can be described by carte-sian coordinates. The origin of this system is located in the center of the vane tip (on the vane axis). 
Height of the lubrication gap betveen the 
sliding surfaces 
( 4) 
The determination of the height of the lubrication gap begins on the center of the vane tip (Index m). A start value for lubrication gap height at the 




Fig. 2 Coordinate of the vane tip 
Vector loop in the complex plane for the de-
termination of the lubrication gap height 
lj) 
rl 





rotor radius [r(lj)) = r 1·ei1P] 
vane length outside the rotor 
( 5) 
vector describing the vane length out-
side the rotor 
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no 
lubrication film height at the center of 
the vane tip 
normal unit vector 
inclining angle of the vane to the 
concerned rotor radius 
The unknown values s 1 and /11.J>m = I.J>m -I.J) can be cal-culated by iteration. 
With the calculated data for the vane length outside 
of the rotor (s 1 ) the lubrication film height for any point of the vane tip (Index z) can be calculated 
( 6) 
The values hsz and I11.J>z = I.J>z -~.~> can be computed by iteration. 
Transformation into a two-dimensional problem 
For a prediction of the oil film pressure profile, it is practical to transform the lubrication geometry to the case of a rectilinear cylinder wall. 
/ 
Fig. 4: Transformation of the vane tip coordinates 
As the lubrication film height depends on the arc length of the curvature, the mathematical description 
can be made by the fallowing approach (Fig. 4) : 
with 
(7) 
vane coordinate, parallel to the tangent line to z(I.J>) 
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B='f+l-n-IX ( 8) 
( 9) 
Y E l 0 C I T Y 0 F T H E Y A N E T I P 
For the determination of the lubricant oil film pres-
sure the v e 1 o c i ty between the two s 1 i d i n g surfaces i s 
given by : 
u :M!.L dt (10) 
With lflm "'lfl+~lflm and w= dlfl/dt equation 10 results in 
U =~·W· (1 + d(fl\Pml) 
d4lm dip 
( 11) 
The first right-hand term describes the tangent line to 
Z(lflm); the second, the constant speed of rotation 
(w= 2n;n with n: rotational speed); and the third. the 
variation of the angular velocity of the vane tip caused 
by the oscillating motion of the vane in its groove. The 
included differential quotient can be approximated by a 
difference quotient. 
F 0 R C E S A C T I N G 0 N T H E V A N E 
The investigation of the power loss caused by fric-
tion of the system rotor, vane, cylinder requires the 
calculation of all forces acting on the vane. This 




sum of the reaction forces on the vane 
centrifugal force 
force due to the relative acceleration 
Coriolis force 
Equation 13 to 15 were set up with regard to the speci-





'Q = -m ap 
K fc = -2m-wx vp 
(14) 
(15) 
variable distance between the origin of 
the rotor/cylinder and the vane mass 
center 
kifp k : relative acceleration 
2 w x vp : G o r i o 1 i s a c c e 1 era t i o n 
Both differential quotients kvp = ds 1/dt and ka-p = d2s 1/dt2 can be approximated by the following differen-
ce quotients : 
( 16) 
( 17) 
Fig. 5 : Components of the zentrifugal force 
To obtain three basic equations in order to describe the vane motion the centrifugal force is divided in two parts; one in the direction of the vane axis, the other 
at a right angle to it (Fig. 5). 
( 18) 
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vane 1 ength 
amount of r 5 
( 19) 
As a result of the oscillating motion of the vane the 
amount of rsl and the difference (~.~>-till vary during 
rotation. 
The direction of the vane axis is named "radial" and 
the other at a rightangle to it "tangential" although 
this is not true as compared to the rotor. These speci-
fications are correct only, if the inclining angle y 
becomes zero. 
The fQrces acting on the vane 
The directions of the forces depend on the motion of 
the vane as well as on the angle of rotation. 
- a - - b -
Fig. 6 : vane forces 
with FT oil film force at the vane tip 
FR friction force (RGES in Fig. 7,8) 
Fpy.FpH: gas forces in front of and behind the 
vane 
force at the bottom of the vane due to 
an oil and gas pressure 
reaction forces between rotor and vane 
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e 
resulting friction forces at the rotor 
groove (M X FV, M x FH in Fig. 7,8) 
components of the centrifugal force (FUGX, FUGY in Fig. 7,8) 
force due to relative acceleration (FMA in Fig. 7,8) 
Goriolis force 
length of the vane 
vane thickness 
length of the vane outside the rotor 
e = lF-s 1-tJ.e 
corrective factor 
g "' 1 F-s 112 
thickness of the vane 
oil and gas pressure at the bottom of 
the vane 
friction coefficient 
Fig. 6(a,b) shows the vane forces for the four qua-drants. The signs of the Goriolis force and friction forces vary as shown in both drawings. In addition, the sign of the force due to relative acceleration alternates with acceleration direction of the oscillating vane motion. According to the oil film pressure profile, the acting line of the oil film force can be located in front of or behind the vane axis. The gas forces Fpy and FpH can be calculated by the pressures in two adjacent compressor chambers /3,10/. 
with 
Fp = Fpy- fi,H 
= ( Pv- PH). br ·S, 
chamber pressure before the vane 
chamber pressure behind the vane 
thickness of the vane 
(20) 




[ ~ :0 =I.L(Fv- ~)·! -(fc+ ~~·~ +~· e- Fp·g -~·lF+F.f·~r1 ( 23) 
The set of equations contains the unknown forces Fy, FH, 
FT and FR. 
First the lubrication height is estimated and so FR 
and FT are calculated directly from the oil film pres-
sure profile. The both reaction forces Fy and FH can be 
determined by the equations 22 and 23. 
In the next step, the estimation of lubricant film 
height could be made with equation 21. The iteration is 
finished, if the difference of the 1 ast and actual value 
is neglectible. 
The described equations were solved with a computer 
program written in FORTRAN 77 on a CDC Gyber 76 machine. 
C A L C U L A T E 0 RESULTS 
For the calculation, made for variable compressor 
speed and constant pressure ratio, the rotor parameter 
L, R, D, the dimensions of the vane and its material 
density were kept constant. Only the shape of the vane 
tip was changed. All shapes of vane tips are possible to 
calculate but for simplification circular, elliptic and 
parabolic shapes were assumed. Because of higher fric-
tion the elliptic shapes were taken out of considera-
tion. 
In the graphs, the different shapes of the vane tip 
are named A, B, G, ••• and so on. A crank angle of 720° 
corresponds to the bottom dead center of the vane, an 
angle of 810° to the top dead center, that means the 
largest vane length outside the rotor groove. 
Figures 7 and 8 show for the reference profileD the 
forces in the directions "tangential" and "radial" for a 
speed of 6000 min-1. The described system includes the 
dynamic behaviour of the vane. If the speed increases, 
the load onto the oil film is primarily influenced by 
the acceleration forces Fa and Fx. In the same matter 
the Goriolis force influences the force equilibrium in 
tangential direction. 
The figures 9, 10 and 11 illustrate the plot of the 
minimum oil film thickness, the friction forces and 
losses of power caused by friction of the profiles Band 
D. The profile B has a greater value for the average 
minimum oil film thickness resulting in smaller values 
of friction force. A substantial friction power saving 
seems to be possible. 
Under certain conditions such as low rotational 
speed, a chattering phenomenon of the vane can be obser-
ved. During this phenomenon the vane accelerates in the 
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direction of the rotor groove bottom. It appears between 
a crank angle between the end of the discharge valve bore and the bottom dead center of the vane. An indica-tion for this~he~omenon is the relative vane lift. (Vane lift =lal /lbl) with 
-a : 
b: 
vector from the origin to the vane tip location 
at the mini mum oil film thickness 
vector from the origin to the cylinder wallop-Posite to the 1 o cat i on of the m i n i mum o i 1 f i 1 m thickness 
In contrary to the profile B, the profile A has a chattering phenomenon at low speed operation. Fig. 14 shows for the profiles A - G the overall 
frictional power 1 asses for a speed of 6000 mi n- 1 in a histogram. The diagram is referenced to shape D. Profile B shows good dynamic behaviour and liquid friction for 
all examined rotati anal speeds which results in friction power savings of about 10 %. 
C 0 N C L U S I 0 N S 
The lubrication systems of the vane tip and cylinder 
wall and also between vane side face and rotor groove 
was examined theoretically. Results of the developed computer program show that it is possible to save up to 10 % of the power otherwise lost by friction at the 
v a n e s. The u sed mode 1 i n c 1 u des the dy n ami c be h a vi our of the vane. An observed chattering phenomenon can be avoided by selection of certain shapes of the vane tip. It is also possible to decrease friction by a modifica-tion of the cylinder wall shape, as calculations with different hypertrochoids have shown but shall not be dealt with here. 
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F1 g. 7 vane force "radial" n 6000 min-1 
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S scattering phenomenon by low speed operation 
N,S scattering and none fluid friction by low 
speed operation 
Fig. 14 : overall friction power losses/vane 
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